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Introduction
Falls are defined as "events that result in a person coming to rest unintentionally on the ground or other lower level, not as the result of a major intrinsic event or overwhelming hazard" (Menz, Morris, and Lord SR 2006) . Fall injury is one of the major factors reducing the quality of the life of elderly people. One third of community−dwelling elderly people aged 65 years or over have reported falling at least twice a year (Hausdorff, Rios, and Edelberg 2001; Hornbrook et al. 1994 ). An elderly person who has experienced a fall worries about other accidents and feels less confident while performing physical and social activities (Nevitt et al. 1989; O'Loughlin et al. 1993; Tinetti et al. 1994) . Accordingly, it is essential for elderly individuals to maintain their balance ability through postural control so that they can perform activities of daily living safely.
In order to maintain the center of gravity on the base of support while carrying on activities of daily living, it is necessary to integrate information from the visual, vestibular, and somatosensory systems. Information on body movements is perceived by the sensory systems, integrated by the central nervous system, and then passed on to the effector, the musculoskeletal system. Sufficient strength in the lower limb muscles is essential for maintaining static and dynamic balance. Many studies have considered muscle weakness in the lower limbs of elderly people as one of the major factors leading to fall accidents and injuries (Brauer, Burns, and Galley 2000; Guralnik et al. 1995; Menz, Morris, and Lord 2005; Tinetti 1987 ). The decline in muscle strength in the lower limbs with aging is responsible for balance impairment (Horak, Shupert, and Mirka 1989) . Some studies have demonstrated that the muscle strength in the lower limbs of elderly individuals is highly correlated with their walking and balance ability (Wolfson et al. 1995) . Chu et al. (1999) reported that risk factors leading to injuries in falls were weakness of the lower limbs and unstable tandem walking.
Like the hip, knee, and ankle joints and surrounding muscles, the toes play an important role in maintaining stability during forward reach and forward propulsion during walking (Menz, Morris, and Lord 2006; ). reported that the strength of the toe plantar flexor muscles was a significant independent predictor of the balance and functional abilities of elderly people.
However, they measured the overall toe plantar flexor strength using a paper−grip test rather than individual toe plantar flexor muscles. Therefore, this study compared the toe strength and balance ability of elderly fallers and non−fallers using objective methods and determined the correlations between individual toe plantar flexor strengths and the results of the functional reach test (FRT). Three hypotheses were tested in this study: 1) toe plantar flexor strength would differ significantly between elderly fallers and non−fallers; 2) the balance test would differ significantly between elderly fallers and non−fallers; and 3) significant correlation would be found between individual toe plantar flexor strengths and the FRT.
Method
Subjects
The participants were recruited from among community−dwelling volunteers.
Thirty subjects between 65 and 83 years of age met the inclusion criteria. The principal investigator asked each subject about his or her history of falls during the screening test. Fifteen persons (7 males and 8 females) who had fallen at least once while walking during the previous 12 months were included in faller group (Daubney, and Culham 1999; O'Brien, Culham, and Pickles 1997; Wallmann 2001) , the non−faller group included 15 age− and sex−matched persons. A fall was not counted if it occurred due to dizziness, illness, during unusual activities in a hazardous environment. In the faller group, eleven subjects (73.3%) recalled falling 3 or more times, and 4 subjects (26.7%) recalled falling 1 or 2 times in the year prior to the study. No significant differences between the two groups in terms of age, height, or weight were found ( Table 1) .
The following subjects were excluded: (1) subjects who required aids to walk independently, (2) those with severe musculoskeletal disorders or foot and toe deformities that interfered with walking, (3) subjects with neurological impairments or vestibular dysfunction interfering with balance diagnosed by an neurologist based on vertical axis rotation, positional, and oculomotor testing (Wuyts et al. 2007 ), (4) subjects with orthostatic hypotension, (5) subjects with significant cognitive dysfunction who had difficulty understanding instructions (cognitive impairment was defined as a score of 24 or below on the Mini−Mental State Examination) (Folstein, Folstein, and McHugh 1975) , (6) subjects taking medications that affected their balance ability, and (7) subjects with sensory impairment or diabetic peripheral neuropathy in the lower limbs. All participants signed an informed consent form after receiving a full explanation of the purpose of this study. The institutional review board of Yonsei University approved this study. 
Equipment
Individual toe plantar flexor muscle strengths were measured using a digital This device was previously determined to have high intra-rater reliability for the 2 nd to 4 th toes (intraclass correlation coefficient (ICC) = 0.88-0.96) (Kwon et al. 2009 ). 
Toe Strength and Balance Measures
Toe Plantar Flexor Strength
The subject was instructed to sit comfortably with his or her back supported by the chair backrest and to put the foot to be tested on the foot board. The hip, knee, and ankle joints were all positioned at 90 degrees during the test procedure. The toe to be measured was inserted into a leather cuff, which was positioned on the plantar side of the proximal phalanx of the toe to be tested ( Figure 2 ). The subject was instructed to push the leather cuff downward with the toe to be tested as hard as possible (Duncan et al. 1990 ). Each subject practiced three times before the measurement to become familiar with the testing procedures. The maximum strength of each toe plantar flexor muscle was determined during a 5-second push-down period. The unit of strength measurement was the kilogram (㎏). The mean of three trials was calculated for use in the data analysis. Subjects had a 3-minute rest between trials to minimize muscle
fatigue. An independent physical therapist with experience working with a digital dynamometer read and recorded the strength value of each toe plantar flexor muscle on the digital display to eliminate experimental bias. 
Functional Reach Test (FRT)
A yardstick was mounted horizontally on a wall for the FRT. The subject was instructed to stretch the dominant upper limb forward with the shoulders kept at 90 degrees flexion, with the arm held horizontal while maintaining a fixed base of support to test the limits of stability in the anterior direction (Duncan 1990 ). The distance in centimeters was measured from the tip of the third metacarpal of the subject's clenched fist knuckle in the standing position. Then, the subject reached forward as far as possible without losing balance and the measurement was repeated.
A second investigator stood by to ensure the subject's safety during the FRT. The mean of three trials was calculated for the data analysis. The ICC of the test-retest reliability of the FRT was 0.92, and the ICC for inter-tester reliability was 0.98 (Duncan 1990 ).
Berg Balance Scale (BBS)
The standardized BBS proposed by Berg et al. (1989) was measured. The balance is evaluated using the sum of 14 tasks scores. The 14 tasks scored on the BBS are (1) sit−to−stand, (2) standing unsupported, (3) sitting unsupported, (4) stand−to−sit, (5) transfer, (6) standing with eye closed, (7) standing with feet together, (8) reaching forward with an outstretched arm, (9) retrieving an object from the floor, (10) turning the trunk with feet fixed, (11) turning 360 degree, (12) stool stepping, (13) tandem standing, and (14) standing on one limb. BBS rates performance from 0 (cannot perform) to 4 (normal performance). Therefore, the possible maximum score for 14 items is 56, which is supposed to indicate excellent balance. The ICCs for the interand intra-rater reliability were 0.98 and 0.99, respectively, in a previous study (Berg et al. 1989 ).
Sensory Organization Test (SOT)
The SOT was performed using the NeuroCom Smart Balance Master system (Smart Balance Master system, NeuroCom International Inc, USA). The subject wore a harness for safety. The upper limbs were positioned naturally at the side of body, the feet were positioned along parallel lines on the plate, and the subject was instructed not to move the feet during the test (figure 2). The SOT consists of six sensory conditions tested in a standard order (Nashner 1993 
Statistical Analysis
The data were analyzed using SPSS version 17.0 (Chicago, IL, USA) for Windows.
According to the Kolmogorov−Smirnov test for normality, all parameters were normally distributed. An independent t−test was used to determine the statistical differences in the measured values for the demographic data and the three balance tests between the faller and non−faller groups. To determine the intra-tester reliability of individual toe plantar flexor strengths measured using the digital force dynamometer, the ICC was calculated (Krebs 1984) . The test and retest were performed within 5 days. The Pearson correlation coefficients between toe plantar flexor muscle strengths and the FRT were calculated.
Results
In my study, the intra-tester reliability for the toe plantar flexor muscle strength measurements was high (ICC values 0.89-0.95) ( Table 2) . Table 3 shows the mean, standard deviation, and range for the measured toe plantar flexor muscles. The plantar flexor strengths of the hallux and second toe on both sides were significantly lower in the faller group than in the non−faller group (p < 0.01 and p < 0.01). However, no significant differences in the strengths of the toe plantar flexors of the third and fourth toes were found between the two groups. 
Discussion
I investigated whether differences in individual toe plantar flexor muscle strengths and balance ability exist between fallers and age− and sex−matched non−fallers. The toe plantar flexor muscles of the hallux and second toes in the non−faller group were significantly stronger than in the faller group bilaterally, whereas no significant difference in the third or fourth toe plantar flexor strengths was seen between the two groups. The non−faller group had significantly better balance scores in the FRT and SOT than the faller group.
The results show that non−fallers had significantly greater toe plantar flexor muscle strength (p < 0.01) than the fallers in the hallux and second toes of both feet, whereas no significant differences were seen for the third or fourth toes. Previous research using a pressure platform showed that older people had 32% less plantar flexion strength of the hallux and 27% less plantar flexion strength of the lesser toes than younger people . Toe flexor muscle strength decreases significantly with age (Endo, Ashton−Miller, and Alexander 2002) . Previous studies have compared toe plantar flexor strength between older and younger persons. Daubney, and Culham (1999) It is not clear whether weakness in the hallux and second toe results in falling or, alternatively, fear of falling causes disuse atrophy of the hallux and second toe. A previous study showed that an old person who has experienced falls faces limits to normal physical activities, like walking, due to fear of injuries related to falls (Tinetti et al. 1994) , and the difference in the toe muscle strength between the two subgroups seen in this study is most likely attributable to this.
No validated measures for individual toe plantar flexor strengths are available. A manual muscle testing method is commonly used to measure strength in the clinical setting (Lin et al. 2008 ). However, this method does not measure toe strength quantitatively. Many researchers have tried to measure toe strength quantitatively. Endo et al. (2002) and Mickle et al. (2009) used a force plate to determine the ground reaction force, and and Nihal et al. (2002) used a pressure sensor and a paper−grip test to estimate toe strength. Other researchers have measured the total toe flexor muscle strength using a dynamometer (Senda et al. 1999; Goodall, and Hammes 1986) . Fong et al. (2008) calculated toe strength using a pressure insole system and emphasized toe grip strength. Kwon et al. (2009) used a dynamometer to measure the strength of toes 2-4 individually and reported high test-retest reliability.
In this study, the intra-tester reliability for these measures on two separate occasions was also high (ICC = 0.89-0.95). It is possible that strength measurement with a digital dynamometer can be used clinically to measure toe strength of the elderly.
In this study, the average distance measured in the FRT was significantly lower in the faller group than that in the non−faller group (22.87 vs. 28.00 ㎝, respectively).
O 'Brien et al. (1997) reported similar results in that female elderly fallers had a significantly lower average score on the FRT (22.2 vs. 27.7 ㎝ for fallers and non−fallers, respectively). This is consistent with my result. Some studies found that toe plantar flexor strength was related to the FRT value. Endo et al. (2002) reported a correlation between the toe flexor isometric muscle strength and the functional toe length as a functional reach task, which was defined as the 'maximum distance that the subject could move the center of ground reaction force forward of the first metatarsophalangeal joint'. Kozak et al. (2003) also stated that greater toe flexor muscle strength will increase the force under the distal phalanx of each toe, especially the long toes, so that the center of pressure can be moved toward the metatarsophalangeal joint. I examined whether individual toe strength was correlated with FRT and found that individual toe plantar flexor muscle strengths and FRT were moderately correlated (r = 0.489-0.765). The correlation was greater for the hallux and second toe than for the third and fourth toes. These results suggest that hallux and second toe plantar flexor muscle strengths contribute to the FRT result of the elderly.
The SOT assesses a person's ability to maintain balance under altered sensory conditions by relying on available sensory input and suppressing misleading input (Tang, Moore S, and Woollacott 1998) . Wallmann (2001) found significantly different SOT scores between 10 fallers and 15 non−fallers who were at least 60 years of age. In this study, the SOT score was significantly lower in the faller group (70.60 ± 7.34%) than in the non−faller group (75.80 ± 5.65%). This indicates that the balance ability of the faller group was lower than that of the non−faller group. In contrast, one study reported no significant difference in SOT scores between fallers and non−fallers (Anacker, and Di Fabio 1992) . This difference in results may have arisen from differences in the characteristics of the participants, definition of fallers, and different measurement methods used. Therefore, further studies are needed to clarify whether the SOT score has the ability to distinguish between fallers and non−fallers.
In this study, no significant difference in BBS score was found between the faller and non−faller groups. In other studies of community−dwelling older adults, the BBS was not found to be a good predictor of falls (Bogle Thorbahn, and Newton 1996;
O'Brien, Pickles, and Culham 1998). The BBS is not sensitive enough to uncover factors that contributed to falls in older adults who are active (Boulgarides et al. 2003) . Boulgarides et al. (2003) found no significant difference between groups, concurring
Conclusion
It was confirmed that the flexor muscular strength of the first and second toes in the non−faller group was significantly stronger than the faller group, while no significant difference in the flexor muscular strength was noticed between the third and fourth toes. The non−faller group showed a significantly better balance ability on the FRT and the SOT score, compared with the faller group. Also, this study appears that the correlation relationship exist between the toe plantar flexor muscle strength and FRT in the faller and non−faller group.
In conclusion, the findings of this study indicate that the force generating capability of medial toe flexors is more closed relationship than later part of toe flexors in the maintenance of balance in older adults. 
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